The pathways to the search of truth in science inevitably meander through the rights and wrongs, often with the right claims but wrong foundations, or wrong claims even when our knowledge tells us otherwise. Since the final frontiers always recede from us, we can't see very far into the future and the search for the ultimate truth remains a wild-goose-chase. So, brooding over reaching the destinations must be replaced by sheer joy of the fetching journey. This article explains such pathways, wonders and delights through a process of learning.
Gone is the veil of darkness. The fears are shed. The unnerving sense of insecurity that slumbered like a python in the deep ravines of mind has gone the way of all flesh. Confidence has entered our bones. The first ray of the rising sun shines on our wisdom. The world is now a cozier nook to live in.
The whys and wherefores, one by one, seem to connect the links into the secrets of nature. The explanations appear in the garb of answers, but not long before we realize that these answers are nothing but the seeds of the next questions, and the next…ad infinitum. The winding stairs of the endless quest spiral into thin air. Our hope to reach the final destination miserably seems to fizzle out. Dividends? you wonder.
That's all about science-reaching no final port, but enjoying every bit of the enthralling journey like a toy-train ride through the hills and knolls, valleys and waterfalls… every single shot that comes your way is all yours. Get refreshed with open eyes, or turn a blind eye…the choice is yours. Nature tantalizes us with the multitude of its faces -we ourselves being just one of them. Remember, for example, the age-old question -"what is it-a wave or a particle ?"-tells us that we are into a hide-andseek game with nature, of which we are a part…tied with unknown umbilical cords. The cat in the closed box is both alive and dead until we open it…That the entire edifice of the macro-world around us, which we can touch, feel and see, is laid on the foundations of "may be, may not be" hocus-pocus is hard to believe ! And that's why you won't be calmed down, even when the Bell's theorem swings in favour of this fuzziness. "Isn't the moon there when I'm not looking at it?" an Einstein would ask. Surely, there is no straight way to know that. One reason is that you can't ever be sure how things are -instead, how they were some time ago, peeping through a small window into the past when the tell-tale signals left them. That's how our mind works, even internally…like a time machine. Second, the apparent objectivity of the observations is determined by the majority of the wisest minds, having undergone a common evolutionary track, who interpret the outcomes of an experiment based on some previous frozen logic. It is hardly independent of the observers, however large their number be. Since all of them got nurtured in the similar way, they would think in more or less similar way; ergo, it's no surprise that they would arrive at the similar conclusions. The size of the fish you get depends on the size of the holes in your fishing net.
Thus, to determine whether the moon was there when you were not looking at it, you repose your faith in the working of laws -as the scientists have understood them in their part of the universe -and take the least common multiple of their outcomes only to come up with a bold "yes, the moon exists even then". Proud though we are like the armoured knights on the pure white stallions, in-built is the subjectivity that we all have shared through the passage of time, at least up from the stage of the primitive DNA to that of the full grown Homo sapiens, and on. At no stage in this long drawn chain of evolution did we ever decide what we were going to be. Except for a modicum of freedom that we often call as the "free will" while, in fact, there is none.
"I have a question but…"
Quite often, many of us shirk from asking questions for the fear of getting wrong. But who told us we must be always correct? And if so, what would then be the use of asking questions? The mind has a limited faculty, after all, and so even the best brains who turned the big stones made errors. Edison is wellknown for his escapades in a row, all that failed and yet led him to hit upon a jackpot. Sometimes a mistake or an undertone might open the pandora's box of the new thoughts that challenge the 'established' beliefs. Clearly, they may also generate fresh problems that take civilizations years to solve.
When Galileo, for example, almost four hundred years ago, murmured, "eppur si muove" ("and yet itthe earth-does move") as he stepped out after being hauled up before the Roman Inquisition-he held fast to his claims sotto voce that the earth moves around the sun. But for a wrong reason, indeed! He had thought that just as the tea in a tea-cup sloshes around as we move about with the cup in hand, so must the tides in the oceans…surging waters far and wide… occur due to the movement of the earth zipping through space. That was patently wrong. The exact reason for tides was not known in his time. It became clear quite later with the Newton's discovery of the law of gravitation that the tidal force is the difference of the gravitational forces at a point, and not a consequence of the earth's movement by itself. Galileo was wrong in making that assumption but right in the final claim that the earth moves around the sun that further took the wisdom of Kepler and Newton to explain with the law of gravitation. That's a typical feature of setting forth a revolution in science.
About half-a-century before that, Copernicus had made the stunning claim by proposing the helio-centric theory. And yet, he committed a mistake by assuming, perhaps under the Aristotelian influence, that the planets moved in the epicycle (a circle whose centre moves on another circle). The mistake could not be detected, however, since the actual orbits of the planets known then are nearly circular in shape. Epicycles had to go when Newton's law of gravitation divulged the correct shape of orbits. Copernicus was right in his claim that the sun was at the centre, but not in making the wrong assumptions. Sometimes you are spot on, even though mostly you are not! Around 1900, Max Planck fathered the bold idea that the energy of radiation comes in the itsy-bitsy, teeny-weeny packs… called as the quanta…. That took physics by storm! Under the shadow of this crazy idea, we have already spent a whole century in debates and confusions, hopes and despair, struggling (and still do) to feel at home with the 'hocus pocus' I have earlier referred to. Why should nature pack up something in small bits and pieces, while its bounties may be well driven in a continuous stream? Still, Planck's remarkable idea was based on the wrong assumptions. Taking the minimum energy as zero was wrong. That the oscillators giving off radiation were like the gas molecules and obeyed the same rules as did the later was doubly wrong. However, interestingly, the two wrongs gave a right answer for which the credit must go to Planck. The correct explanation came about twenty years later from a nondescript Indian named Satyendra Nath Bose who wrote to Einstein, and the rest is history. Did you see the beauty in the process? On one hand, Planck's mistakes opened the new paths of descriptions as to how light might behave as the teeny-weenies, while on the other, the seeds of his right claims planted the new banyans opening a quantum revolution.
Later, in 1915, we have another historic example when Einstein further plugged the holes of the Newton's law of gravitation by proposing his space-shattering (sic) ideas about the spacetime. Looking at the formidable structure of the general theory of relativity, both in terms of concepts and mathematics, a journalist once mentioned to Eddington that there were only three persons in the world who understood that theory…to which Eddington replied gasping for a breath, "I am [Vol II, 2018] just thinking who the third one is…". Evidently, Einstein, and Eddington himself, were the two of them.
Even though Einstein predicted the gravitational waves in 1916, yet, he was not convinced about their existence till much later. In 1936, he wrote a paper, "Do gravitational waves exist ?" with Nathan Rosen, that was rejected by Physical Review, and the credit rested with him.
However, when Einstein applied his ideas to the universe, he stumbled upon a cosmological constant, the one he is often said to have called as a "blunder" of his life. He was wrong in assuming that that universe must be static, and not dynamical. He was also wrong in calculating the bending of light from the sun, but was lucky that due to the onset of the first world war, his results could not be tested. This gave him enough time to re-do the calculations and the revised predictions gave the correct answer, verified by the scientists soon after. Newton's proposal had failed. But keep in mind that in science every idea, every theory is just ad hoc and put together like a delicately balanced tower of cards. One little push, and the tower crumbles into pieces. Even the most carefully done experiments cannot prove a theory or an idea right. The outcomes, if in favour, only support the theory, and in turn, all we can say is that the proposed ideas are consistent with the observations. Such is the way of life in sciencepassionate but merciless and clinical!
Strange links
Asking pointed questions often leads to strange thoughts. The bizarre idea of a time machine has been among the hot topics in the sci-fi's like 'Time Machine' by H.G. Wells as well in physics. Can one travel into the past? If yes, could he not reach a past moment and kill his grand-father, in a way, eliminating the possibility of his own birth? How could then he exist now, if he was not born in the past? Nonetheless, scientists have thought about the weird ways, in form of the compact rotating cylinders or worm-holes, making time travel through the bhool-bhulaiyya of the spacetime 'tunnels' a theoretical possibility.
The extinction of dinosaurs about 65 million years ago is another question that led a young geologist Walter Alvarez to find a surprising reason. How could a species, that lasted nearly eighty times as long as the humans have existed so far, get wiped out from the face of the earth at the end of the Cretaceous and beginning of the Tertiary (the so-called K.T. boundary) periods? Alvarez found a strange link -one centimetre thick fossil-free layer of clay. His father Louis Alvarez was a physicist and together they discovered large deposits of iridium in it. Being very rare on the earth that element must have arrived from the outer space, and joining the pieces of evidence they concluded that the meteorite impact must have been responsible for the killing of dinosaurs and the like, now known as the "mass extinction".
How large devastation can a meteorite cause? Just recall the recent hit in Chelyabinsk in Russia on February 15, 2013 that was the biggest one since the Tunguska impact of 1908 and reportedly injured about 1200 people. The famous Lonar crater lake in Buldhana district of Maharashtra is a 'hole' formed due to the impact of a meteorite that was about 60 metres in diameter and weighed about 20 million tons. The diameter of the crater is about 1830 metres with a depth of about 150 metres. The energy released in this impact was equivalent to that coming from a 6 megaton Hbomb, or from 500 atom bombs, each of the size of the one dropped on Hiroshima. The question is how to save the earth from a potential threat (say, as the Comet SwiftTuttle's possible strike on August 14, 2126) to our life in future? Can the best minds of human civilization rise to the occasion and plan something to avert such catastrophe?
Guessing the future technology?
As Alvin Toffler has aptly described in his 'Future Shock', technology has advanced too rapidly over the past 50 years. If we think that the scientists know the best what the world would be like in future, we are off the mark. When discoveries are made, sometimes even the leading experts fail to foresee their full ramifications. Let me mention some examples from an article "Predictions and Comments" by R.L. Weber as followsAir-crafts are impossible "…no possible combination of known substances, known forms of machinery and known form of forces can be united in the practical machine by which man can fly."--Simon Newcomb .
Alternating currents are too dangerous to be of any use "…there is no plea which will justify the use of high tension and alternating currents either in a scientific or a commercial sense…my personal desire would be to prohibit entirely the use of alternating currents. They are unnecessary and dangerous… I can therefore see no justification for (them)…"--Thomas Alva Edison (1889).
Inter-continental ballistic missiles are too hard to make "…the people who have been writing these things annoy me…I think we can leave that out of our thinking."--Dr. Vannevar Bush (1945) .
The atomic bomb will never explode "That is the biggest fool thing we have ever done. The bomb will never go off, and I speak as an expert in explosives"--Admiral William Leahy to the U.S.
President Truman (1945).
It doesn't stop there. In pure science too, great experts have often wrongly 'predicted' the end of knowledge. For instance, Stephen Hawking claimed in his remarks at the inaugural professional lecture at the Lucasian Chair ceremony at Cambridge in 1980 that the end of physics was round the corner. Of late, in media the reports flashed with some scientists announcing the end of physics after the discovery of the much hyped Higgs' boson. But, rest assured, there's no end of the road... Thus, the unguarded guesswork may be nothing but a wild shot. Taking a cautious path, the next role of our thinking must address to assess the impact of modern technology on our life and how to digest the 'variety of dishes'. That is essential for our common well-being and gross happiness sans the nausea or the ill-effects inflicting blows to our survival.
How could you groom such unshackled minds?
The method of learning :
Learning by rote is like a flat tyre…
Once upon a time, Adi Shankar was wandering about across the length and breadth of the country for the spiritual discourses with the enlightened sages. In the process, he stuck up searching for the rishi Mandan Misra's house and asked the local passers-by where it was. "There where you see the keeranganas (female parrots) in the cages at the doorsteps discussing whether the universe is permanent or temporary…" Such was the repetition of the contents of daily discourses at his house that the parrots learnt them by rote. But parrots are still parrots.
Learning by rote is a flat tyre that doesn't take you anywhere. The memory skills like mnemonics etc. do help but only to masticate and create new ideas later when you have enough time. It must not be merely a parrot's uttering.
Originality and evaluation
Known for its high standards, the Cambridge Tripos examination is regarded with awe and respect the world over. In an incident, a bright student named William Thomson stood second at this exam, while another young one named Stephen Parkinson topped the list. To his dismay, the examiner-cum-paper-setter was horrified to see that both these students had answered a particularly difficult problem in the same way. That must be cheating-a case of UFM (unfair means) -one might guess. So did he, and asked the students to meet him one by one. First, he called Parkinson and asked how he attempted the problem. Parkinson gleefully replied, "I normally study the research journals outside my regular study, and had found this problem solved in a paper by an anonymous author there…", and mentioned the reference to the paper. The examiner gave him a pat on the back, being impressed that the student went well beyond the regular text-books. He was almost convinced that it must be Thomson who did the cheating. So now, it was Thomson's turn to appear before him. "What do you have to say, Mr Thomson. Parkinson saw this problem in a journal. Now, don't tell me you also saw it there.…", inquired the examiner like a Sherlock Holmes. "No Sir!" replied Thomson, " I wrote that paper". Silence…the examiner who himself had picked up the problem from the same paper was dumbstruck. The same Thomson was known as Lord Kelvin in his later life.
The moral of the story is two-fold-one, research brings fresh air into learning, and two, no examination system can judge all your virtues at on go. At best, these are only the human exercises to evaluate your potential for the creativity in future, that surely exceeds the ambit of the examination. It is just that…neither foolproof, nor the last opportunity to prove yourself. Looking this way, as is usually said, if you judge a fish by its ability to climb a tree, you would live throughout your life believing that it was a fool.
In the examination halls one can often see the amazing work of 'miniature art' in form of the long answers scribbled with pencil on desks, chairs and walls. That shows that the questions could be easily guessed and answers prepared in advance. Deduce, derive, describe, enunciate, explain…all merge into a trivial synonymity, and the questions get blurred into a monotony. No wonder then, the lackadaisical academe falls too short to score a point in the 'leading 200 universities of the world', a concern recently aired in India more as a cliché, rather than a shame for resolve.
Intrepidity too counts. Not being swayed by the leading geese of the hackneyed research needs a will of steel and splash of originality. As the Nobel Laureate Richard Feynman had once quipped, "the difficulty with science is often not with the new ideas, but in escaping the old ones. A certain amount of irreverence is essential for creative pursuit in science".
The final answers are never given, nor is the human quest ever dampened. The fascination of the kaleidoscopic sightseeing of nature, that we and only we can enjoy, is a great connect, and in mundane terms if you like, that's a matchless reward by all reckoning. Look out of the window. The sprightly morning is smiling on you, beckoning to the silver lining. Shall we wake up to the call?
